Gaseous ozonation, an emerging technology, is applied to microbiological decontamination and to the degradation of residues and contaminants in wheat grains. However, due to its high oxidizing capacity, ozone may cause undesirable effects on the quality of grains or in their derivatives. This study aimed to evaluate the influence of ozone gas on wheat grain quality when exposed to different levels of ozone concentration, exposure time, and grain mass, using a full 2 3 factorial design. After the milling of ozonized grains, two fractions were evaluated: flour (A) and bran plus germ (B). In fraction A, the quality of the wheat flour was analyzed by both alveography and farinography. The flour extraction rate, falling number and gluten contents were also measured. The chemical and mineral profiles were determined in both fractions. A sensory evaluation, using the difference-from-control test, was applied to investigate the possible differences in aroma or in overall appearance of the flour obtained from the ozonized grains. The results showed that ozone concentration (60 mg/L) positively affected (p < 0.05) the toughness and the falling number of the flour. The other parameters of alveography, as well as farinography, gluten content, chemical composition, mineral, and sensory profiles were not affected (p > 0.05) by ozonation. This study demonstrated that gaseous ozonation, when applied under the conditions of 10 to 60 mg/L, from 2 to 5 h of exposure, grain mass from 2 to 5 kg, does not cause any negative impact on the wheat quality.
INTRODUCTION
The use of ozone (O 3 ) as gas or ozonized water has been widely used to prevent contamination of food during storage or processing. O 3 is a powerful oxidizing agent that does not leave toxic residues in food due to its decomposition into oxygen, and it is recognized by the U.S. Food and Drug Administration (FDA) as an antimicrobial agent for the treatment, storage, and processing of food and water. [1, 2] The current ozonizers, based on corona discharge, enable high concentrations of O 3 to be obtained at low cost, which has popularized its use in the field of food science and technology. The main applications are in the processing of fresh fruits and vegetables, [3, 4] juice, [5] fish meat, [6, 7] cheeses, [8, 9] and in the storage of nuts, [10] grains, and their derivatives. [11] [12] [13] The gaseous form of ozonation is commonly studied for applications in storage silos for cereal grains, using ambient air or pure oxygen as its source. O 3 is then inflated inside the silos and initially reacts with the grain mass, and then quickly decomposes. After that, O 3 moves freely through the grain mass and can be detected at the output of the silo after sufficient time of exposure. [14] The reaction of O 3 with the grains depends on some factors, such as, grain mass, O 3 concentration, and exposure time. [15] The ozonized water also can be used in cereals, like wheat grains, that need to go through a moisture step before milling. [16] The main reasons for applying O 3 in wheat grain are for pest and insect control, [17] elimination of fungi, [18] degradation of mycotoxin, [19, 20] and degradation of pesticide residues. [21, 22] As O 3 does not leave any residues in the treated food, there is no need for an aeration step after treatment, and also due to the excellent results of ozonation, it has been considered a "green alternative" to improve wheat quality. [23] Depending on the conditions used, O 3 may lead to positive changes in the grain or in the flour quality, such as, increase of bread and cake volume, increase of strength, and clarity of the flours. However, O 3 also can cause negative alterations, such as lipid oxidation, undesirable aromas, degradation of chemical constituents, and negative changes in the viscoelastic properties of the wheat flour. [15] For these reasons, the ozonation of different foods is not universally beneficial and the adverse effects must be studied to know the limitations of this technology. This study aimed to investigate the influence of ozonation on the technological, chemical composition, mineral content, and sensory properties of A-flour, B-bran, and germ fractions obtained from the milling of soft wheat grains submitted to different combinations of O 3 concentration, exposure time, and grain mass.
MATERIALS AND METHODS

Sampling
Samples of uncleaned grains (Triticum aestivum L) were obtained from the Ministry of Agriculture, Livestock and Food Supply (MAPA), Rio de Janeiro, Brazil. The grains were homogenized and stored at 5ºC until the application of the O 3 treatment and further analyses.
Ozonation System
O 3 gas was produced using an industrial ozonizer based on corona discharge (O&L 3.0 RM, Ozone&Life ® , Brazil) with manual adjustment of the O 3 output levels. Pure oxygen (99.99%) was used as the source for the production of O 3 , at a rate of 0.5 L/min in all treatments. O 3 was injected at room temperature (24ºC) into the experimental laboratory cylinders (60 × 15 cm, length × diameter) filled with the grains, which were supported by a polyamide fabric (organza) placed 10 cm above the base of the cylinder. O 3 gas was injected into the bottom of the cylinders and removed from the top. After passing through the grains, the O 3 was neutralized by bubbling it 2740 through three flasks containing 2% potassium iodide solution. For the control samples, only O 2 was passed through the grains at the same flow rate. The treated grains inside each cylinder were mixed in order to homogenize them before analysis. The amount of grains used in each treatment is presented in the experimental design. In order to confirm the O 3 concentration, the iodometric titration test [24] was used by bubbling the O 3 gas at the output of the system into a 2% potassium iodide solution (400 mL) acidified with sulfuric acid 1 N (pH below 2.0) and titrated with sodium thiosulfate (0.005 N), using a starch solution as indicator.
Experimental Design
In order to evaluate the effects of ozonation on wheat grain quality, a full 2 3 factorial design, with combinations of three independent variables: X 1 : O 3 concentration, X 2 : exposure time, and X 3 : mass of grains, was used. Three repetitions were used in the central point, totaling 11 treatments, as presented in Table 1 .
Wheat Milling Process
Ozonized grains were stored at 5ºC for 15 days and then submitted to milling. Initially, the grains were cleaned using approximately 2 kg samples in an impurities separator (Sintel, Intecnial, Erexim, Brazil) with sieves of 1.75 × 22 mm /4 × 10 mm. The hectoliter weight of the cleaned grains was evaluated on a Dalle Molle balance (Caxias, RS, Brazil) with a Schoper System. The water activity (Aw) was evaluated using Aqualab CX-2T equipment (Decagon Devices Inc., USA) and the moisture content was verified according to the method nº44-21 of American Association of Cereal Chemists (AACC). [25] Before milling, the wheat grains were conditioned for 20 h at 15% moisture, by adding distilled water, according to the tempering method 26-20 of AACC. [26] The extraction of flour was carried out in a Quadrumat Senior mill (Brabender Inc., Duisburg, Germany) according to the manufacturer's instructions. At the end of the process, two fractions from each treatment were used for laboratory analysis: (A: flour and B: bran mixed with germ). The extraction rate was calculated from the following relationship: flour weight (g) /total grain weight (g) × 100. Both fractions were stored in plastic bags at 5ºC until the quality analyses were run.
Effects of Ozonation on Technological Quality of Wheat Flour
In order to check if the process of ozonation promoted changes on the technological quality of the flour, alveograph, and farinograph evaluations were carried out and falling number and gluten content were measured. The alveograph was evaluated using a Alveograph MA82 (Chopin, Villeneuve-la-Garenne Cedex, France) through the 54-30 method of AACC [27] according to the manufacturer's recommendations. The parameters analyzed were gluten strength (W), toughness (P), extensibility (L), and the ratio P/L. A farinograph 810101 (Brabender, Duisburg, Germany) with 50 g mixing bowl was used to evaluate the water absorption, arrival time, development time, stability and the mixing tolerance index of wheat flour, according to the 54-21 method of AACC. [28] The falling number (Perten Instruments, Huddinge, Sweden) was used to measure the falling number value, according to the 56-81B method of AACC. [29] The wet gluten, dry gluten and index gluten values were obtained using the Glutomatic and Glutork equipment (Perten Instruments, Huddinge, Sweden), according to the 38-12 method of AACC. [30] 
Effects of Ozonation on Chemical Properties
Both fractions obtained from the milling process were analyzed to assess the possible chemical changes resulting from ozonation. Total ash content was determined by an automatic multiple sample thermogravimetric analyzer TGA-2000 (Navas Instruments, Conway, USA) at 600°C until constant weight was obtained; total nitrogen content by Kjeldahl distillation TE-0364 (Tecnallab, Piracicaba, Brazil), non-protein nitrogen (NPN) by precipitation with Cl 3 CCOOH and Kjeldahl digestion, according to Lees and Salguero, [31] total lipids content in an extractor XT 15 (Ankom Macedon, USA), according to the Am 5-04 method of American Oil Chemists' Society AOCS, [32] crude fiber by digestion with H 2 SO 4 and NaOH, according to the 978.10 and the 962.09 methods of AOAC, [33, 34] and phytate content, according to 986.11 method of AOCS. [35] The acid value of the flour was determined according the 02-02A method of AACC [36] and pH was verified using a digital potentiometer mPA-210 (TechnoPon, Piracicaba, Brazil).
Effects of Ozonation on Mineral Composition
The mineral profile of both fractions were determined according to AOAC [37] and Felberg et al. [38] with digestion of the samples in sealed polytetrafluoroethylene (PTFE; Teflon ® ) cups using a microwave oven (Millestone, Sorisole, Italy). Quantitation was performed by inductively coupled plasma/optical emission spectrometry (ICP-OES). The following minerals were determined: Na, K, Mg, Ca, Mn, Fe, Zn, Cu, P, Co, Cr, Mo, Se, Pb, and Al.
Sensory and Colorimetric Analysis
A sensory discrimination analysis, by difference-from-control test, was used to evaluate the possible changes in aroma and overall appearance of flour caused by the ozonation of the wheat grains. For this, the reference (control) sample without ozonation treatment, together with other three coded ozonized samples and a coded control sample were evaluated by 25 trained panelists. Samples from treatments 5 (considered low exposure to O 3 ), 9 (average exposure), and 4 (high exposure) were selected for this test. The panelists evaluated and compared such coded samples with control using a structured scale, numbered from 1 to 5, where: 1: no difference, 2: slightly different, 3: moderate different, 4: very different, and 5: extremely different. Each panelist made two sessions of evaluation, resulting in 50 responses.
Colorimetric analysis of the flour was performed using a digital colorimeter CR 400 (Konica Minolta, Japan) with a CIELAB system (L*a*b* scale, with a D65 light source and angle of observation equal to 10°), where L* indicates the level of brightness, a* level of red and b* level of yellow. For each sample, five measurements were taken. The calibration of the equipment was held using a blank disc (100). Both colorimetric and sensorial evaluations were carried out 15 days after the ozonation of the wheat grains. This study was approved by the Ethics on Research Committee of Federal Rural University of Rio de Janeiro (Process number 23083.000030/ 2015-33). The study was conducted in compliance with the recommendations of Resolution 196/96 of the National Health Council on studies involving humans.
Statistical Analysis
Results obtained from the full factorial design were analyzed using STATISTICA ® 7.0 software (Statsoft, Tulsa, USA), according to Rodrigues & Lemma [39] and Calado & Montgomery. [40] Analysis of variance (ANOVA) and Dunnett (bilateral) average test with 95% of confidence interval was used to verify significant differences between ozonized and control samples.
RESULTS AND DISCUSSION
Effects of O 3 on the Technological Properties of Wheat Flour
The hectoliter weight of ozonized grains showed no difference (p > 0.05) to the control sample, indicating that the process did not influence the density or uniformity of the grains. The overall average weight corresponded to 83.2 ± 0.9 kg/hL. The extraction rate of flour ranged from 70.5 to 72.5% and no difference with control sample was observed (p > 0.05). As the efficiency of wheat flour extraction depends of the adherence of the bran with the endosperm (starch), ozonation did not influenced it. Ibanoglu [41] and Paes et al. [42] ozonized different types of wheat (soft and hard) and did not observe any changes in this parameter either. The alveograph results did not present any differences (p > 0.05) in the parameters L, P/L, and W, which showed average values corresponding to 61.8 ± 7.6 m/m, 1.46 ± 0.2, and 232.0 × 10 −4 ± 21.9 × 10 −4 J, respectively. However, the p-value, that corresponds to the maximum pressure required to expand the dough, was positively influenced (p < 0.05) by the variable X 1 , as presented in Fig. 1 . The lowest p-value was obtained in the control sample (71.5 m/m), while the highest value was obtained in treatment 4, corresponding to 99.0 m/m.
The p-value is a measure of the water absorption capacity in flour and it is negatively correlated with the loaf volume and the wet gluten value. [43] Violleau et al. [44] applied a more drastic O 3 treatment (5 g of O 3 /kg grains) and also reported an increase in p-value, as well as greater force (W) and less extensibility (L). Other authors related such effects with oxidation of gluten, which interfered directly in the technological properties of the flour. The increase in p-value can also be observed when other oxidizing agents are used, causing increase of strength and mixing tolerance of the flour, which is a desirable phenomenon for the baking industry. [45] Despite the variation in the p-value obtained in the alveograph measurements, the results of the farinograph analysis demonstrated that ozonation did not promote a significant difference (p > 0.05) in any of the evaluated parameters. The average values corresponded to 44.2 ± 0.73% of water absorption, 1.46 ± 0.13 min of arrival time, 2.62 ± 0.29 min of development time, 4.40 ± 0.61 min of stability and 96.36 ± 14.3 BU for the mixing tolerance index. No difference with the control sample was observed in the farinograph or alveograph analysis.
EFFECT OF GASEOUS OZONATION ON WHEAT GRAIN QUALITY
Li et al. [46] applied 5 g of O 3 for 60 min in wheat flour and reported that the treatment promoted a greater dough development time and stability. According to these authors, O 3 can be used as an oxidizing agent for flour instead of potassium bromate or chlorine when an increase of dough strength is desired. Therefore, the use of O 3 for this purpose is interesting for not leaving residues. Sandhu et al. [47] reported similar changes when they exposed wheat flour to 1500 mg of O 3 for 45 min; the arrival time and dough development time increased when they increased the time of flour exposed to O 3 . On the other hand, Paes et al. [42] and Ibanoǧlu [16] did not related any significant changes in the alveograph, farinograph, the chemical composition or falling number value of ozonized wheat flour.
The falling number determines the intensity of the enzymatic activity of alpha-amylase and the higher the value is, the lower the activity. [43] The concentration of O 3 negatively affected (p < 0.05) the enzymatic activity of alpha-amylase. Paes et al. [42] applied 0.02 % O 3 in air for 240 h directly on wheat flour and did not observe any changes in the falling number, as well as Ibanoǧlu [16] when he used ozonized water at 11.5 mg of O 3 /L to temper wheat grains.
The influence on the falling number was not observed when the greatest mass of grains (5 kg) was used ( Fig. 2 however, when using the lowest mass and the greatest O 3 concentration and exposure time (conditions similar to treatment 4), a higher falling number value (p < 0.05) was obtained. Treatment 4 showed the highest falling number, corresponding to 536.5 ± 4.9 s, differing from the other samples and control, which showed an overall average of 445.3 ± 19.1 s. The O 3 concentration, was responsible for this increase, with a positive effect on the response.
The ozonation process did not cause significant changes in the wet or dry gluten content, or in the index gluten, with mean values corresponding to 13.4 ± 6.9 g/100 g; 4.64 ± 0.32 g/100 g; and 97.1 ± 1.78%, respectively. Gluten is formed by gliadins and glutenins during the mixing of the flour with water, and is responsible for the viscoelastic properties of the flour, which allows the production of bread, pasta, and other derivatives. [48, 49] Li et al., [19] using O 3 at 80 mg/L to ozonize 
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wheat grains for 4 h described that the wet gluten content decreased while the gluten index increased after the treatment. According to these authors, the formation of disulfide bridges present in wheat flour dough are affected by O 3 , which may change the dough stability and its viscoelastic properties.
Effects of O 3 on Chemical and Mineral Composition
Wheat bran corresponds to approximately 15% of the grain (dry base), is rich in minerals and insoluble fiber and its consumption is associated with the prevention of non-communicable chronic diseases, such as colon cancer, obesity, and constipation. Wheat flour consists mainly of starch and proteins. The higher fat content is found in the germ, about 11%, with predominant unsaturated fatty acids. [50, 51] The ozonation of wheat grain did not promote significant changes (p > 0.05) in the chemical parameters evaluated in both A and B fractions. The results for fraction A (flour) were: 0.5 ± 0.06 g/ 100 g of ash content; 1.76 ± 0.07 g/100 g of total nitrogen; 0.03 ± 0.008 g/100 g of NPN; 0.5 ± 0.01 g/ 100 g of lipids; 0.20 ± 0.04 g/100 g of crude fiber; 1.55 ± 0.12 mg/g of phytate; 44.7 ± 1.8 mg KOH/100 g of fat acidity (db.); and pH of 5.73 ± 0.12. Fraction B (bran and germ) showed the following results: 4.19 ± 0.21 g/100 g of ash content; 2.52 ± 0.04 g/100 g of total nitrogen; 0.11 ± 0.01 g/100 g of NPN; 1.91 ± 0.36 g/100 g of lipids, 6.54 ± 0.42 g/100 g of crude fiber; 24.9 ± 1.2 mg/g of phytate and pH of 5.8 ± 0.16.
Also the ozonation did not affect (p < 0.05) the minerals levels in either fractions. The average values for flour corresponded to: Na (5.65 ± 0.4 mg/kg), K (1478.5 ± 64.8 mg/kg), Mg (280.5 ± 13.0 mg/kg), Ca (155.8 ± 13.9 mg/kg), Mn (2.12 ± 0.34 mg/kg), Fe (3.62 ± 0.18 mg/kg), Zn (4.89 ± 0.83 mg/kg), Cu (2.47 ± 0.11 mg/kg), P (1187.4 ± 54.2 mg/kg), Co, not detected (Nd), Cr, not quantified (Nq), Mo (Nq), Se (Nq), Pb (Nd), and Al (Nq). In B fraction, the mineral levels corresponded to: Na (37.7 ± 2.65 mg/kg), K As observed, flour fraction A had lower mineral content than fraction B. This might be attributed to the presence of germ and bran, especially in the aleuronic layer, which are richer in inorganic elements. After the milling process, both bran and germ are removed and the flour remains with fewer quantities of these minerals. [52, 53] In both fractions, these nutrients were not affected by the O 3 treatment. Previous studies performed by Savi et al. [54] also showed that the application of O 3 gas in concentrations of 60 mg/L up to 120 min did not affect the quality attributes of the wheat grains, such as isolated starch oxidation and x-ray diffraction, lipid peroxidation, total protein profile, and seed germinationa
Effect of O 3 on the Sensory Analysis and Colorimetric Determinations
The sensory evaluation on the aroma and overall appearance of flours obtained from ozonized grains did not show significant differences (p > 0.05) between samples from control. From the ANOVA table was possible to verify that the explanatory variable brings significant information to the model. The test used was the Fisher's F-test. Figure 3 shows the mean values obtained from the statistical model.
Chittrakorn et al. [55] and Chittrakorn et al. [46] described an undesirable flavor formation when O 3 was applied directly onto wheat flour. However, according to the authors, this problem can be reduced by aerating the flour using storage ventilation, indicating that the volatile aromatic compounds responsible for this phenomenon are easily removed. Indeed, in the present study, after exposing the grains to O 3 , a residual aroma of the process was reported, especially for the treatments where the highest O 3 concentration (60 mg/L) were used, differing from the natural aroma of the control samples (not evaluated experimentally). However, after the milling process, this difference was no longer perceived in the flour, which was confirmed by the sensory analysis results (Fig. 3) .
The colorimetric values of the flour obtained from ozonized grains did not present any difference from the control sample (p > 0.05), which corroborates with the results found in the 
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sensorial evaluation. The average results corresponded to, L*: 95.3 ± 0.30; a*: -0.05 ± 0.02; and b*: 9.91 ± 0.38. Some authors, that applied O 3 directly to the wheat flour, reported that the process promoted oxidation of carotenoids, which are the pigments responsible for the yellow color of flour, resulting in a decrease of the b*-value and an increase in lightness (L*). In this way, ozonation seemed to act as bleaching agent on wheat flour. [47, 55] However, in the present study, ozonation did not cause such changes in flour, possibly due to the protective effect on endosperm conferred by the outer layers of the grain, since O 3 was not applied directly on the flour.
CONCLUSION
Ozonation is an emerging technology that has been applied to improve the quality of wheat grains, especially to control pests and microorganisms and to remove mycotoxin and pesticide residues. This work has demonstrated that O 3 under the conditions of 10 to 60 mg/L, from 2-5 h of exposure, using a grain mass from 2 to 5 kg, can be applied without negatively changing the quality of the grains. Under these conditions, the hectoliter weight, extraction rate of flour, gluten values, strength, and extensibility of the dough, chemical parameters, mineral composition, and sensory characteristics remain similar (p > 0.05) to control samples. Only the O 3 concentration (variable X 1 ) positively influenced (p < 0.05) wheat flour, increasing its toughness and falling number value. 
